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Three Generations of Matter







essearch for tiny particles. ..

(”12%?::?; Dew Drop . :
{\ How tiny are the particles?

’ o o ool m Heaviest: Z Boson 91.2
GeV =1.6*10> kg
| = Require indirect
" observation

eeeeeee

m Clever detectors:
Quarks and s Silicon detectors

0.000?222’?:(:1 " Gluons in
Proton
{ s Sintilators
ggggg : » Photomultiplier Tubes

s [LOTS of Electronics!
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Jsing large detectors...

” National

lerator Laboratory
) Park, CA)

rson Lab
~ (Newport News, VA)

1 World’s Highest Energy m y
- Particle Accelerator - SLAS.... w9

Large Hadron Collider Jefferson Lab

(LHC) (Geneva p SWitzerland) @ EXPLORING THE NATURE OF MATTER
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usinglarge detectors...
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Transverse Slice of the Compact Muon Solencid (CMS) Detector

PLusing large detectors...

% . FElectron | Neutral Hadron | mwm] Photon |

4m 5m am

Silicon

ECAL

. ],I]]] Electromagnetic

HCAL - Hadron

Superconducting

Iron return yoke interspersed with

Transverse slice Aluon signature: Signals in the Tracker and muon chambers; almost nothing seen in the calorimeters.

through CMS Nuons are parhaps the easiest particles to identify in CMS: no other charged particle traverses the whole detector. Bzing charged,
they ar= bent by the fisld in on= direction inzide the solenoid and in the opposite dirsction outside. Az muons can only arize fom the
decay of something hervisr their presence sipnifies thet something potentizlly interesting hes happenad.
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https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf




O ssive amounts of data...

n - Distribution CMS Data Analysis -

Photon + Jet Events
@ Perform
“Sanity Checks”

= Compare data with
theoretical predictions
- Monte Carlo method

1 2 3 4 5 6 7 8 9 10

Ecal Isolation
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BT ssIve amounts of data...

CMS Data Analysis - Photon + Jet Events

Number of Primary Verticies Photon distribution in n
a.k.a “Money Plot”

2 A
c

2 S
T ©
o) (o)
? k)
T ©
O Q
) L
Vv \"

m

25-2-15-1-050 05 1 15 2 25
n

Karbeling - Fermilab Summer 2011 17



A ssive amounts of data...

CMS Data Analysis

= Collaboration locally
and internationally

Over 3000 scientists

Presentation of
findings

= collaboration groups
= larger committees

Current map of current CMS Centers worldwide, courtesy of CERN

s conferences
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. to make
jomenal discoveries!!

# ATLAS

Karbeling - Fermilab Summer 2011 19



up down
top bottom

strange charm

Leptons Anti-leptons

clectron electron neutrino

- em | # | ® O
E :.> muon muon necutrino
i‘ ; ‘iifa> "" ‘I’ ‘a' ‘I’

tau fau neutrino




T hanks to...

hetluru for being a great mentor

rn Penning and the TRAC
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